Background
Introduction
Antimicrobial resistance (AMR) is the ability of microbes to resist the cytotoxic effects of drugs [1] . Over several decades, microbes causing common or severe infections have developed drug resistance to varying degrees [2] , making AMR a global health concern. The United Kingdom Review on Antimicrobial Resistance estimated that, if the resistance was maintained at the current level, by 2050, deaths due to AMR would reach 10 million per year [3] .
It is recommended that healthcare professionals use antimicrobials prudently as well as that the general public people obtain appropriate information regarding AMR, to prevent its emergence and spread. In Europe and the United States, public education campaigns to promote awareness of AMR have been carried out, and the effects of these campaigns are evaluated through surveys using questionnaires. Accordingly, these countries are able to assess the educational contents of their campaigns and develop strategies to improve them [4] [5] [6] [7] [8] [9] [10] [11] . In Japan, on the other hand, only few efforts have been made to evaluate the public awareness and perception of AMR, one study showed there were some people who do not have adequate knowledge and perception about effects and use of antimicrobials [12] . Thus, we aimed to conduct a nationwide online survey to evaluate the existing knowledge and beliefs among the Japanese public regarding antimicrobials as a first step to promote awareness of AMR.
Methods
A web-based questionnaire was developed and used to collect responses anonymously. When participants first visited the website for the survey, the policy for using the collected data and protection of personal information was displayed. Only those who agreed for the informed consent with the policy were allowed to answer the questionnaire. The approval of the Ethics Committee for this study was not required for the Ministry of Health, Labour and Welfare, the Government of Japan, because of the anonymous question survey.
Study participants
Our nationwide cross-sectional survey was designed and conducted online in March 2017 using a nationally representative sample. From a nationwide public panel of 7.6 million people registered with the INTAGE Corporation, a research company, the survey participants were selected from Japanese adults aged 20-69 years. People aged 70 years or older were excluded because of the potential difficulties in responding to the online survey and the same age criteria as the European study (20-69 years) for adult participants was preferred for further comparison of results between Europe and Japan [4] . Additionally, the participants were selected to reflect the distribution of the population (national population census of Japan in 2015) with regards to sex, age, place of residence (prefecture) and population size. Our study sample calculation was based on that of the previous European study [4] . In Germany of that survey, the sample size was 1,563 and the population size (71,283,580 in 2016) of Germany was about half as that (111,207,935 in 2015) of Japan, although national land sizes of Germany and Japan are similar. Thus, we estimated the required sample size of 3,126 (1,563 multiplied by 2), which was two times as the sample size of German people in the European study.
Data collection
We collected data on sex, age (20-24, 25-39, 40-54 and 55-69 years), education level (lower secondary, secondary, junior college or technical college, university and graduate school), employment status (employed, students, househusband or housewife, unemployed or retired) and hometown size (metropolitan; wards or ordinance-designated cities, mid-sized city; cities with 100,000 or more inhabitants, small city; cities with less 100,000 inhabitants, rural areas; towns or villages). In Japanese healthcare system, all people are basically required to have some types of health insurance and they have free access to visit clinics or hospitals as well as generalist physicians or specialists.
The questionnaire was developed following a consensus among the investigators based on the questionnaires of the European Commission: Special Eurobarometer 445 (Antimicrobial Resistance 2016) and of other relevant studies [4, 7, [13] [14] [15] . It included four categories: Use of antibiotics, Knowledge about antibiotics and AMR, Antibiotic information in Japan, and Behaviour and perception at the time of medical visit.
The items of this questionnaire were classified into 4 parts as follows: The first part of the questionnaire covered the use of antibiotics. In the second part of the questionnaire about knowledge about antibiotics and AMR, participants were asked four questions about antibiotics and four questions about AMR. For each of the eight questions, responses were true, false, or no idea for statements, including that participants were asked whether antibiotics could kill viruses. Regarding questions for AMR, respondents were asked whether they had ever heard the term 'antimicrobial resistance,' Participants were asked two questions: (a) is it true or false that AMR describes humans becoming immune to antibiotics and (b) is it true or false that AMR describes how bacteria avoid being killed by antibiotics. Next, in the third part, we asked participants about how to obtain antibiotic information. The fourth part of the questionnaire dealt with behaviour and perception of participants about antibiotic prescription and if they had ever asked medical doctors to prescribe antibiotics at the time of medical visit. Descriptive statistics, percentages for proportions, were used for the analyses. Data from the Eurobarometer were used as benchmark data [4] .
Results

Characteristics of participants
We received 3,390 responses over a 5-day recruitment period in March 2017. Table 1 summarizes the sociodemographic characteristics of the participants. All age groups and hometown sizes are well represented in the 2015 national census. The proportion of the total Japanese population that graduated from a university or graduate school (19.9%) was lower than what we found in this study, while the proportion of unemployed and/or retired population (21.7%) was higher than that seen in this study [16, 17] .
Use of antibiotics (Table 2)
Nearly half of the participants (46%) have taken antibiotics. Almost all these participants obtained antibiotics from health care institutions, and common cold was the typical reason for getting them (45.5%). While 11.7% of participants stored antibiotics at home, 23.6% of them reported having stopped or adjusted antibiotic doses by themselves. Most participants obtained their last course of antibiotics using a physician's prescription (hospital, 84.0%; clinic, 9.5%), while 3.4% of them reported using over-the-counter (OTC) antibiotic drugs and 1.9% of them had taken left-over antibiotic drugs.
Knowledge about antibiotics and AMR (Tables 3, 4 and 5)
Only about 22% of participants in Japan know that antibiotics could not kill viruses. In the EU, 43% of the citizens knew that antibiotics do not kill viruses and thus twice the number of European people answered correctly. When asked if antibiotics are effective against cold and flu, only one-quarter of the participants (24.6%) provided the correct answer that they are not. Although 67.5% of the participants knew that antibiotics would not work in the future unless used properly, only about 20% of them knew what kind of diseases or pathogens they are effective for. Also, an understanding of the side effects of antibiotics was insufficient (Japan, 38.8%; EU, 66%).
Only 240 out of 3390 participants (7.1%) answered all four questions about antibiotics correctly, while 663 participants (19.6%) answered more than two questions correctly. The average number of correct answers were 1.5 out of four questions, which is lower than the response rate seen in EU in 2016 (all four correct answers, 24%; three correct answers or more, 51%; and the average number of correct answers, 2.5) [4] . Participants with better knowledge about antibacterial drugs were also more likely to use them. Participants who answered four questions correctly used antibiotics sparingly for common cold (14.5%) and flu (2.9%).
As for knowledge about AMR, only about 4 out of 10 participants had heard the term 'AMR'. Out of the 240 participants who provided all four correct answers to questions about antimicrobials, 176 (73.3%) had heard of the term. In total, 1.6% of the participants responded to six questions correctly, including two more questions about the AMR description. Overall, based on the responses (multiple responses were allowed), the reported causes for AMR included excessive antibiotic use (46.5%), unnecessary use of antibiotics (36.8%), not completing a course of antibiotics (14.2%), and inadequate countermeasures by the medical institutions such as insufficient hand washing or inspection or no monitoring of antimicrobial resistance (6.1%). Only about 10% reported that they learned about AMR from family or friends, while 11.1% learned about it through the internet. There was a trend for decreased rate of knowing correctly the AMR definition by lower educational attainment (Table 5) . 
Antibiotic information in Japan
Over half of the participants (57.5%) reported that they did not receive any such information ( Table 6 ). The most reliable sources of information were physicians (73.5%), pharmacologists (41.6%), hospitals (21.4%), and health-related internet sites (17.1%). The most common source of antibiotic information was TV news or newspapers (25.7%) and medical doctors (19.1%).
The younger group (20-39 years) were more likely to receive the information from family members or friends compared to the older group (55-69 years) (22.5% vs. 7.5%). Participants older than 55 years were more likely to receive the information from TV programs or newspaper than via the internet or other resources (32.0% vs. 7.7%). When asked if they had changed their perception about antibiotics after receiving the information, 58.9% of the participants responded in the affirmative. While 44.5% of the participants reported that they would always consult a doctor when they needed antibiotics, 32.2% reported that they would stop self-medicating with antibiotics and 29.2% reported they would stop taking antibiotics without a prescription. Only a small number of the participants (13.2%) reported they would no longer keep left-over antibiotics for another time.
Behaviour and perception at the time of medical visit (Table 6) About 1 out of 10 participants (10.2%) asked for antibiotic prescriptions from their doctors at the medical visit, and 3 out of 10 participants (30.2%, 1023) believed that doctors who prescribed them for cold were good. Lastly, all participants were asked to what extent they would agree or disagree with the idea that everyone has a role ensuring that antibiotics remain effective for the next generation. Many participants totally agreed (50.4%) or tended to agree (31.5%) with the idea and thus about 80% of participants agreed with the idea. Further, about 60% of the participants who received the information had changed their views on antimicrobials.
Discussion
In May 2015, the World Health Assembly endorsed the Global Action Plan on Antimicrobial Resistance and urged all Member States to develop relevant national action plans within two years [18] . In response to this, the National Action Plan on Antimicrobial Resistance in Japan was developed following a Ministerial Meeting on April 5th, 2016 [19] . One of the goals of this action plan is to promote public awareness and education about AMR. As a part of this project, the present survey was conducted to assess the existing knowledge, perception and behaviour about antibiotics and of Japanese people. We elucidated public issues related to AMR and barriers to the National Action Plan, pointing to the importance of wider patient education by the medical professionals in clinical practice. Nearly half of the participants have taken antibiotics over the past year preceding the survey. Almost all antibiotics had been obtained from health care institutions. However, the typical reason was common cold. These results are similar to the findings of studies from a Polish study [9] and many countries in Eurobarometer survey [4] . In addition, our results showed that some people had not used antimicrobials appropriately, had used leftover antibiotics at home, had discontinued or adjusted the dose by themselves. These types of uses are concerning since these could lead to greater risk of AMR. Although antibiotics can be purchased without medical prescriptions in many countries, Japanese people can obtain antibiotics only by medical prescriptions (Some were confused between antibiotics and OTC cold medications). Thus, medical professionals should have a role to better educate the public about risks associated with inappropriate use and self-discontinuation of antibiotics during treatment.
Japanese people are less likely to know that antibiotics could not kill viruses and that antibiotics are not effective against cold and flu, compared to people in the EU countries. An understanding of the side effects of antibiotics was poorer among Japanese people than those in the EU countries. It is also problematic that one third of Japanese people think antibiotic-prescribing doctors to be good. On the other hand, Swedish had the highest knowledge compared to other European participants about antibiotic ineffectiveness against viruses and common colds, and this knowledge is maintained high and has improved in 2016 from 2006 [11] . In the EU, European Antibiotic Awareness Day is organized by European Centre for Disease Prevention and Control every year to spread up-to-date knowledge regarding appropriate antibiotic use to the public. Further, Sweden developed a brochure with information regarding when people need antibiotics, why antibiotics do not help against colds and flu [11] . Therefore, more intensive dissemination of knowledge is required for the Japanese public by developing a public campaign throughout Japan and by disseminating a brochure or pamphlet to Japanese public. Since those with a better knowledge of antibiotics tended to avoid them for viral infections, it likely works to know better the facts related to these drugs. The knowledge about AMR is not adequate among the Japanese because less than half of participants in the survey had heard the term 'AMR'. Further, the majority had no opportunities to obtain information about antimicrobials. Although information about antibiotics and AMR has not been adequately shared to the Japanese public, the majority of them who obtained the correct information reported their wish for changes to improve the behaviour of people with regards to use of antibiotics. Italian studies demonstrated that lower educational level and unemployed status were significantly associated for not knowing the AMR definition [8, 10] . Our results in Japan also showed a trend for decreased rate of knowing correctly the AMR definition by lower educational attainment, although there was no such decreased rate among those with unemployed status in our survey. Therefore, it may be necessary to further consolidate antibiotics education among those with low educational attainment in Japan. To prevent the development of AMR, it is necessary to share the appropriate information with the public. Although the information sharing seems still poor, such information was often obtained from newspapers and TV news, more frequently than from the doctor, suggesting that AMR has been recognized as an important problem by the Japanese media. Although medical professionals need to educate the general people about antibiotics and their biological effects, trustful media with journalism based on scientific evidence should be involved to implement the greater educational campaign for disseminating better knowledge among the public.
There are several limitations to the present study. First, this was an online survey and we compared our results with that of the Eurobarometer 445 which employed a face-to-face interview by professionals. Since our participants could not question the investigators, the data might be less accurate. In fact, on the knowledge part of the questionnaire, a higher proportion answered "Don't know" for each question compared to the responses in the Eurobarometer 445. Second, response rate was unknown. Our survey used solicitation emails sent to a panel of internet users and we had waited until we obtained responses from over 3,126 participants (the required sample size). After sending the emails, we kept checking responses every day to confirm that we would receive responses over 3,126. At the time of day 5, we had received a total of 3,390 responses. Thus, we did not know the number of participants (denominator), who actually opened the emails and read the contents of the solicitation emails. Third, there could have been a restriction in terms of population representation, Because of the online questionnaire, the poorer people might not have internet access, but they might be the major group that consume antimicrobials with little knowledge. In fact, most of the participants (85.5%) utilized the internet almost every day. However, participants were selected with reference to the national population based on sex and age distributions in each prefecture. According to the national report in 2016, the proportion of Japanese households utilizing internet was 84.1%, and 90% of them used at least once a week (at least once a day, 75.6%; once a week, 16.4%) [20] . Fourth, the limited time frame of the survey might have led to a bias since the antimicrobial use varies across the year and the survey in different seasons might produce the different results. Despite these limitations, our study is the first survey of a relatively large scale on this important topic. In Japan, based on the National Action Plan on Antimicrobial Resistance in 2016, government and medical professionals have strived together to tackle AMR and produced some resources for public education [21, 22] . This survey highlights the potential barriers to actions against AMR for the public. Effective public education should be an important step towards ensuring the appropriate use of antimicrobials among people.
Conclusions
We conducted a national survey to assess the knowledge, perception, and behaviour with regards to the use of antibiotics and AMR among the Japanese public. Our results indicate that not all participants have the adequate information. Additionally, there are participants who had not taken antimicrobials appropriately, had used leftover antibiotics at home, had discontinued or adjusted the dose by themselves. Further, the majority had no opportunities to obtain information about antimicrobials, and less than half of them had heard of the term 'AMR.' Although information about antibiotics and AMR has not been adequately shared to the Japanese public, the majority of them who did have the correct information reported their wish for changes to improve the behaviour of people with regards to use of antibiotics. Public awareness and educational activities are necessary for developing effective countermeasures against AMR in Japan.
